Background: Both performer-and device-dependent variabilities have been reported in sizes of wheal responses to skin prick tests. Objective: We aimed to evaluate whether or not variabilities in sizes of wheal responses influence the final interpretation of skin prick tests; in other words, the decision on whether or not there is an allergy to a given antigen. Methods: Skin prick tests with positive and negative controls and extracts of Dermatophagoides farinae and Dermatophagoides pteronyssinus were done for 69 patients by two different persons, using two different puncturing devices-disposable 22-gauge hypodermic needles and metal lancets. Results: Among four different skin prick tests, the average coefficients of variation in sizes of wheal responses were near to or higher than 20% for all of them. On the other hand, in the final interpretation of results, kappa values indicated substantial or almost perfect agreements between these tests. However, the frequency of establishing allergy to the house dust mites widely ranged in these tests (20.8-35.8% for D. farinae and 20.8-28.3% for D. pteronyssinus). Limitations: The conduction of the study in a single center and the comparisons of results of only two performers. Conclusion: We feel that variabilities in sizes of wheal responses of skin prick test can influence its categorical results.
Introduction
Skin prick test is a widely used test to detect immunoglobulin E mediated hypersensitivity to a given antigen. The size of the wheal which develops at the test site is influenced not only by the severity of the allergy, but also by other factors such as the type of the puncturing device and the skill of the tester. Numerous studies have been done to compare the effect of different puncturing devices on the size of the wheal. [1] [2] [3] [4] [5] [6] [7] [8] Although fewer in number, there are also some previous studies demonstrating performer-dependent variability in skin prick test. 9, 10 On the other hand, the size of the wheal response to an antigen in skin prick test is not the sole determinant in deciding whether or not there is an allergy to this antigen. This is evaluated together with sizes of responses to both positive and negative controls.
In this study, we aimed to investigate whether or not the categorical result of skin prick test, which means the decision on whether or not there is an allergy to a given antigen, would be changed by the performer-or device-dependent variability in the size of the wheal in the test. A doctor and a nurse, both experienced in doing skin prick tests, performed the test separately in the same patient. They used lancets and needles as puncturing devices, both of which are considered to be the tools of choice for skin prick test. 6 
Methods

Testers and patients
Two persons did skin prick tests in 69 patients with eczema. The first was a specialist in dermatology with 1½ years experience, while the second was a nurse working in our department of dermatology (Çukurova University, Medical School, Adana, Turkey) for 15 years. Both of them had had formal training, as well as practical experience of performing skin prick tests, for at least 3 years. Of the patients, 24 were men and 45 were women, their ages ranging from 12 to 76 years (mean 38.2 years). Their diagnoses were atopic dermatitis (19 patients), allergic contact dermatitis (37), irritant contact dermatitis (4), nummular dermatitis (5) and lichen simplex chronicus (4) . All patients were enrolled in the study after giving written informed consent.
Technique
The first tester performed the skin prick test on an area 3 cm distant from the antecubital fossa and 5 cm distant from the wrist, at the volar surface of the right forearm of each patient, while the second performed the same procedure on the left forearm. Before doing the test, test sites were wiped with ethanol. On each forearm, individual test sites were marked in two columns of four rows each with a 3 cm distance between them. Two drops of histamine dihydrochloride solution (1.7 mg/ml), used as the positive control, were placed on the first row, which was the nearest one to the antecubital fossa. The second row was used for the negative control (a mixture of sodium chloride, phenol and glycerol; 9, 4 and 563 mg/ml, respectively); the third, for an extract of Dermatophagoides farinae and the fourth, for an extract of Dermatophagoides pteronyssinus. Puncturing devices were disposable 22-gauge hypodermic needles and single use metal lancets with a 1 mm pointed tip and blunt shoulders. All solutions and lancets were obtained from Allergopharma (Reinbeck, Germany). On both forearms, individual test sites of the inner column were punctured with lancets at a right angle and those of the outer column with needles at an acute angle as described elsewhere. 11 Hence, a total of 16 pricks were done on each patient. Testing of each patient was completed in a single session. Antihistamines or any other drugs that might affect the skin prick test were stopped before the test as per durations suggested. 12
Measurement and evaluation of skin prick test
Fifteen minutes after pricking, each investigator outlined wheals with a pen on their own application side. The size of a wheal was represented by its mean diameter. To calculate this mean diameter, the largest diameter of the wheal and a perpendicular one at the largest width of the former were measured with a transparent ruler and their sum was divided by two, as described elsewhere. 11 A test was considered to be valid (interpretable), if both of the following criteria were fulfilled: (1) The size of the wheal of the negative control should not exceed 3 mm and (2) the size of the wheal of the positive control should be at least 4 mm greater than the size of the wheal of the negative control. 13 If the size of the wheal of a house dust mite extract was at least 3 mm greater than the size of the wheal of the negative control, this was accepted as positive.
Statistical analysis
Skin prick test done by the specialist and using the lancet was labeled as "specialist-lancet;" done by the specialist and using the needle, "specialist-needle;" done by the nurse and using the lancet, "nurse-lancet" and done by the nurse and using the needle, "nurse-needle." Paired t-test was used to calculate the mean of differences in sizes of wheals for negative and positive controls.
To determine variability of measurement of sizes of wheals, the coefficient of variation for each patient was calculated as a ratio of the within-subject standard deviation to the mean. 14 Then, the average of the individual coefficients of variations was taken.
Inter-performer and inter-device agreements in the reading of tests for each house dust mite were evaluated with kappa tests in a subgroup of patients, in whom all of specialist-lancet, specialist-needle, nurse-lancet and nurse-needle tests were interpretable. Fleiss' kappa was calculated for overall comparisons of the four skin prick tests, using a calculator from statsToDo (http:// www.statstodo.com). Cohen's kappa was calculated for pairwise comparisons, using Statistical Package for the Social Sciences (IBM Corp. Released 2011. IBM SPSS Statistics for Windows, Version 20.0. Armonk, NY: IBM Corp). Kappa values >0.80 indicated "almost perfect," 0.61-0.80 "substantial," 0.41-0.60 "moderate," 0.21-0.40 "fair" and 0.0.20 "poor" agreement.
Results
Minimum, maximum and mean sizes of wheals of the positive and negative controls in the specialist-lancet-, specialist-needle-, nurselancet-, and nurse-needle-labeled skin prick tests were given in Table 1 . Differences in sizes of wheals between the paired tests were statistically significant for the positive control, but were not for the negative control [ Table 2 ].
In measuring sizes of wheals to the positive controls, all of the four skin prick tests, labeled with specialist-lancet, specialist-needle, nurse-lancet and nurse-needle, resulted in equal values only in 2 of 69 (2.9%) patients. Three equal values were obtained in 5 (7.2%) patients and two equal values in 43 (62.3%) patients. In the remaining 19 (27.5%) patients, all of the four values were different. In contrast to the positive controls, getting four equal values was the norm for the negative controls, and in no patient were four different values observed. In 60 (87.0%) patients, all of the values obtained in specialist-lancet, specialist-needle, nurse-lancet and nurse-needle tests were zero, so they were equal. Three and two equal values were obtained in 4 (5.8%) patients and 5 (7.2%) patients, respectively. Getting four equal values was also the most common finding both for D. farinae and D. pteronyssinus and it was observed in 37 (53.6%) patients and 43 (62.3%) patients, respectively. Again, all of the values of the four skin prick tests in these patients were zero. Numbers of patients showing three, two and no equal values were 6 (8.7%), 18 (26.1%) and 8 (11.6%) for D. farinae, respectively. These numbers were 4 (5.8%), 14 (20.3%) and 8 (11.6) for D. pteronyssinus, respectively. Thus, obtaining equal values in all of specialist-lancet, specialist-needle, nurse-lancet and nurse-needle tests was almost exclusively observed when there was no wheal response. In other words, if wheals occurred in these tests, there was a strong tendency to obtain different values. The average coefficient of variation was 29.1% for the positive control, 18.1% for the negative control, 34.2% for D. farinae and 19.8% for D. pteronyssinus [ Table 3 ].
Comparison of the categorical results of the four skin prick tests, labeled with specialist-lancet, specialist-needle, nurse-lancet and nurse-needle, to house dust mites was done only in 53 patients, in whom all of these tests were interpretable. In this subgroup of the patients, the average coefficients of variation for the positive control, the negative control, D. farinae and D. pteronyssinus were 25.3%, 6.0%, 39.0% and 16.0%, respectively [ All of these four tests resulted in same categorical results for D. pteronyssinus in 47 (88.7%) patients. Of these 47 patients, again ten showed a positive result to D. pteronyssinus. The kappa value between the four skin prick tests was 0.699 (95% confidence interval = 0.589-0.809) for D. farinae and 0.834 (95% confidence interval = 0.724-0.944) for D. pteronyssinus [ Table 3 ]. In pairwise comparisons, the lowest agreement was found for D. farinae between specialist-needle and nurse-needle tests (kappa = 0.617) and the highest agreement for D. pteronyssinus again between specialist-needle and nurse-needle tests (kappa = 0.903) [ Tables 4 and 5 ].
Discussion
It is well known that there are both performer-and device-depended variabilities in sizes of wheals in skin prick test. [1] [2] [3] [4] 9, 10 The aim of this study was that whether or not these variabilities could affect categorical results of the test. Before discussing our findings in this respect, we would like to clarify possible doubts about our materials and methods. Some of the queries could be: a) Why patients with some types of eczema, such as allergic contact dermatitis, were included in this study, since skin prick test has no role in the diagnosis or management of patients with these eczemas in routine daily practice. b) Why were the application sites of the investigators not randomly allocated despite a difference in reactivity reported between the right and the left forearms? 15, 16 c) Why were the wheal sizes measured by the testers instead of a third observer? d) Why was the categorical result based on comparison of the size of the wheals at the allergen vs negative control sites even though it has recently been noted that this method is no longer useful? 12 To answer these doubts: a) Patients with some types of eczema were included since in this study, we had to take not only patients with a house dust mite allergy but also a substantial number of patients without such an allergy, to make comparisons of categorical results more objective between various skin prick tests. b) Since our objective was to determine if size of wheals affects the final interpretation, and not the differences in wheal size per se, random allocation of test sites was not considered necessary c) If one wishes to investigate whether or not differences between sizes of wheals are really due to performer's hands, the sizes of wheals should be measured by a third person. In this study, however, we aimed to investigate how the interpretation of results could be affected not only by the performers' hand skill, but also by his own mistakes in measurement, as in daily practice. d) Despite the contrary view of a review, 12 comparision of wheal size utilising negative controls has been used in recent scientific studies. [17] [18] [19] In this study, the coefficients of variation for the positive controls and D. farinae were markedly higher than the acceptable upper limit of 20% which has been recommended for skin prick test. 20 Those for the negative controls and D. pteronyssinus were near to this upper limit. Except than for the negative controls, these high values Nurse-lancet 0-12 6.6±2.38 0-8 0.32±1.28
Nurse-needle 0-14 9.0±2.46 0-7 0.33±1.30
Table 3: Average coefficients of variation both in all patients and patients in whom categorical results were evaluated and agreements in categorical results
Solutions All patients (n=69) Patients in whom categorical results were evaluated (n=53)
Average coefficients of variation (%) Average coefficients of variation (%)
Fleiss kappa values(95% CI) were not markedly changed in the subgroup of patients, in whom comparisons of the categorical results were done. Hence, we showed that there was a marked difference in sizes of wheals between skin prick tests done by different performers and done using different devices, as shown previously in many other studies. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] Stroking the skin results in a wheal and flare reaction. This phenomenon is known as the triple response of Lewis. The stronger the stroking, the more severe is the response. In skin prick test, there is trauma to the skin, and therefore, the triple response of Lewis may be expected in skin prick test. The strength of trauma in skin prick test may vary due to the performer's skill and to the form of the device. However, this response should affect all test sites.
On the other hand, the categorical result of the test depends on the difference between the size of the wheals at the site of allergens and that at the site of the negative controls. If a performer or a device incites the triple response of Lewis, both of these sizes may be increased without changing the difference between them. Hence, it may be expected that performer-or device-dependent variabilities do not affect the categorical results. At a first glance, this expectation was realized in our study since agreements in the categorical results of various types of skin prick test were either "substantial" or "almost perfect." Moreover, in most of the kappa values, the lower endpoint of the 95% confidence interval corresponded to a high agreement. On the other hand, differences in the frequency of patients showing a positive test result between various types of skin prick test were not within the clinically acceptable limit. While the kappa value between the four skin prick tests was 0.834 for D. pteronyssinus and corresponded to an almost perfect agreement, among 53 patients, a positive test result, in other words an allergy to this house dust mite, was found in 11 patients by one type of skin prick test, and in 15 patients by another type of skin prick test. Moreover, only ten of these 11 and 15 patients were common. In our opinion, skin prick test should be accepted to be an exception for the subject of inter-tester agreement for categorical variables and kappa values corresponding to a high agreement should be increased for skin prick test, as the situation of the coefficient of variation in skin prick test.
The main limitation of this study was that it was conducted in a single center and results of only two performers were compared. For more reliable conclusions, similar studies should be done in other centers and by comparing more than two performers.
Conclusion
We think that skin prick test shows marked performer-and device-dependent variabilities even in the categorical results. Therefore, studies aiming at standardization of the test should be done, since it is a valuable test because of its ease in application and its rapidity in giving results.
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